Cholecystectomy is one of the most routinely performed procedures in surgery and a gold standard for the patients with symptomatic cholelithiasis. Despite the fact that laparoscopic cholecystectomy has been practiced for more than 25 years, bile duct injuries (BDI) still occur during this procedure with a rate of 0.3-0.86% [1] .
original article tients were operated on due to acute cholecystitis and 35 (52.2%) due to chronic cholecystitis; one of them was diagnosed with gallbladder cancer after a final pathological examination.
Early complications were evaluated according to the Clavien-Dindo classification. The morbidity and mortality after surgical repair of BDI were high: I -2 (3%), II -1 (1.5%), III -61 (91%) and V (mortality) -4 (6%). We followed up 58 (92.1%) of 63 patients (4 of 67 patients died). The mean follow-up duration was 25.7 (3 -123) months.
Anatomic characteristics of BDI
The most common anatomic levels of BDIs were the main bile duct (MBD) 2 -23 (34.3%) and MBD1 -21 (31.3%) ( Figure 1) ; the most complicated levels -MBD2 -23 (34.3%) and MBD3 -5 (7.5%). A total of 39 injuries were detected in these 28 patients and among them there were 11 complete divisions with a loss of substance.
Time of detection
In 17 (25.4%) patients, BDIs were detected in early intraoperative time. All the intraoperative diagnoses were made in our hospital making a total of 63% of BDIs that occurred in our center (Figure 2). In other cases, patients from other hospital presented with bile leak through the drainage (25 (50%)), peritonitis (10 (20%)), hyperbilirubinemia (8 (16%)) or intraabdominal abscess (7 (14%)). Endoscopic retrograde cholangiopancreatography (ERCP) ( Figure  3 ), spiral computed tomography (CT) scan, magnetic resonance imaging (MRI) (Figure 4 ) or intraoperative cholangiography (Figure 5) was used to specify the anatomic level of BDI.
After early intraoperative detection, 8 injuries were closed by suture; 1 injury was managed with ERCP and stenting (it was technically impossible to close the duct with laparoscopic approach); 3 patients underwent end-to-end ductal anastomosis; and hepaticojejunostomy was performed in 5 patients.
The remaining 50 (74.6%) patients were operated on in the early or late postoperative period immediately after the detection of BDI. Endoscopic retrograde cholangiopancreatography before surgical treatment was performed in almost all of them (45 (90%) of 50). Spiral CT scan or MRI with intravenous contrast was used for diagnostics in 8 (16%) patients with hyperbilirubinemia or suspected intraabdominal infection.
Mechanism
Mechanical injuries occurred in 61 (91%) cases. The remaining 6 (9%) patients had energy driven injuries. We preferred gallbladder dissection with scissors. A clipped and cut proximal part of the common bile duct is visible (black arrow); a clipped and cut distal part of the common bile duct is visible (white arrow); common hepatic duct (white dashed arrow) and gallbladder (GB) merge without apparent cystic duct. 
Defect closure by suture
In 14 (20.1%) cases, the defect of bile duct was closed by suture. Additional treatment was necessary for 6 of them (Table II) . One patient died from liver cirrhosis. Eleven (84.6%) of 13 patients were followed up on average of 23.5 (3 -123) months. One patient in the late postoperative period underwent hepaticojejunostomy due to the stricture which damaged more than 50% of the bile duct lumen.
End-to-end anastomosis
End-to-end ductal anastomosis was performed for 6 (13.4%) patients (Table III) . No extra interventions were necessary in the early postoperative period after end-to-end anastomosis. All 6 patients (100%) were followed up on average 46 (10 -28) 
dIscussIon
As literature reveals, BDIs remain an extremely problematic complication with a high morbidity (9.3%-43%) and an early mortality (0%-1.7%) reported [11] . The complication rate according to the Clavien-Dindo classification in our study was 3% for grade I, 1.5% for grade II and 91% for grade III. Mortality rate was 6%. The success of BDI management depends on various factors, such as anatomic location of the injury, presence of concomitant vascular injury, time of detection of BDI, acuteness of inflammation, and general state of the patient, as well as experience of the surgeons [11] .
It is preferable that all BDIs be detected intraoperatively. Rystedt et al. [12, 13] reported that an exceptionally high proportion of BDIs were diagnosed during the cholecystectomy -92%. The average length of hospital stay for patients with BDIs detected intraoperatively was significantly shorter (14 days vs. 58 days) [12] and the quality of life was comparable to patients who underwent cholecystectomy without complications [13] . Although many recent studies report markedly better outcomes when bile duct reconstruction is performed in a tertiary center/referral hepatobiliary center [14] [15] [16] , Rystedt et al. [12, 13] state that immediate repair in conjunction with cholecystectomy can be successful even when Another highly discussed question is the time of bile duct reconstruction when BDI is detected postoperatively. It seems that biliary leaks in the absence of complete division of the bile duct may be successfully managed with ERCP and stenting in despite of when the injury was diagnosed [22, 23] . In cases when the bile duct is transected, some authors suggest delaying the reparation until 6 weeks with intent to avoid peritonitis at repair, reduce the local inflammation in the hepatoduodenal area, and to drain abscesses and biloma during this time [24, 25] .
Ismael et al. [26] reported similar morbidity but higher mortality among patients who underwent bile duct repair within 30 days after the injury compared to patients undergoing delayed reconstruction. In this study, infection and peritonitis were found as independent predictors of negative outcomes of bile duct repair. However, many recent studies reported similar long-term outcomes of early and late bile duct reconstruction concluding that it is not necessary to wait, and the patient should be operated as performed by an index surgeon in a non-hepatobiliary center. We believe that delaying repair of intraoperatively detected BDI is inexcusable when seeking the best possible outcomes. Therefore, we support attempts to repair injury immediately, even in peripheral hospitals if there is any possibility. However, the high rate of early intraoperative BDI detection remains a goal to achieve. Only 25.4% of cases were detected during cholecystectomy in our study, which is comparable to other recent studies [17] [18] [19] [20] . This rate is not satisfactory, as delayed diagnosis worsens the general condition of a patient and makes the repair more difficult. Intraoperative cholangiography for BDI prevention during cholecystectomy is not routinely used in our hospital, and this question remains controversial. However, Rystedt et al. [12, 13] explain that such a high rate of intraoperative diagnosis is a result of Swedish surgery tradition to perform intraoperative cholangiographies frequently. In their other study, the same group revealed that routine intraoperative cholangiography is a cost-effective method [21] . MBD main biliary duct, NMBD nonmain biliary duct, level 1 ≥ 2 cm from lower border of superior biliary confluent, level 2 < 2 cm from lower border of superior biliary confluent, level 3 involves the superior biliary confluent but communication right left is preserved, level 4 involves superior biliary confluent, but communication right left is interrupted, level 5a right or left hepatic duct, level 5b right sectorial duct but bile duct still continuity, C complete, P partial, LS loss of substance, Me mechanical, ED energy driven, VBI vascular biliary involvement, RHA right hepatic artery, Ei early intraoperative, Ep early postoperative (fewer than 7 days), L late (more than 7 days).
original article or ERCP stent should not be a preferred treatment, except for the cases of inadequate technical resources or lack of experience of the index surgeon [14] . We had only one case when intraoperatively diagnosed partial dissection of the duct was managed endoscopically as attempts to close the defect were unsuccessful and bile leaked through the suture.
The main diagnostic method of BDIs in both early and late postcholecystectomy periods is ERCP, which is usually also a tool of minimal invasive treatment (stenting) for partial divisions of ducts [28] . ERCP is useful not only for detection of anatomic location of injury but also the remaining stones in bile ducts can be successfully removed during this procedure -we had 5 such cases. As has been well-described in the literature, endoscopic treatment (typically ERCP and a short transpapillary stent placement) is the most appropriate choice for cystic stump leaks with a success rate reaching 100% [28] . In our study, 7 of 8 patients with cystic stump leaks were successfully managed endoscopically; 1 patient suddenly soon as the injury is detected [14] [15] [16] 27] . There is no significant evidence that clearly answers the question of whether bile duct repair should be delayed or not, and in most of the cases the decision remains individual. In our center, we follow a protocol to repair bile ducts as early as the injury is diagnosed, certainly taking into consideration the general state of the patient. We noticed that presentation of other complications such as peritonitis, intraabdominal abscess or severe jaundice within the early postoperative period often convince surgeons to re-operate on the patient and perform bile duct repair during the same procedure. MBD main biliary duct, NMBD nonmain biliary duct, level 1 ≥ 2 cm from lower border of superior biliary confluent, level 2 < 2 cm from lower border of superior biliary confluent, level 3 involves the superior biliary confluent but communication right left is preserved, level 4 involves superior biliary confluent, but communication right left is interrupted, level 5a right or left hepatic duct, level 5b right sectorial duct but bile duct still continuity, C complete, P partial, LS loss of substance, Me mechanical, ED energy driven, VBI vascular biliary involvement, RHA right hepatic artery, Ei early intraoperative, Ep early postoperative (fewer than 7 days), L late (more than 7 days).
original article -end anastomosis strictures may reach 80%, which is consequently associated with a high incidence of secondary repair [45, 46] . For this reason, many authors prefer hepaticojejunostomy as a first-line treatment. We observe the same tendency in our practice: For 15 years, end-to-end anastomosis was performed only for 6 patients with BDI compared with 19 hepaticojejunosomies. None of the patients with end-to-end anastomosis had early postoperative complications, however, 5 of them (83.3%) later developed anastomosis strictures, and this corresponds to the previously mentioned data of other authors [45, 46] . As opening of the alimentary tract is necessary to perform bilioenteric anastomosis, this treatment has a higher rate of early postoperative complications [47] . In our study, 4 patients (21.1 %) presented with peritonitis and abdominal abscess after hepaticojejunostomy. The rate of late postoperative strictures for hepaticojejunoanastomosis was 5 of 19 cases (27.8%), which is much lower compared to end-to-end anastomosis strictures. However, after hepaticojejunostomy, bile flows directly to the jejunum, excluding the duodenum. It is reported that such a disturbance of physiology impairs natural release of gastrointestinal hormones and subsequently leads to maldigestion, malabsorption, as well as increased risk of duodenal ulcers for these patients [3, 47] . Another advantage of end-to-end ductal anastomosis is the availability to manage postoperative strictures by endoscopic dilation, which is not possible for the strictures of bilioenteric anastomosis. In our study, 3 out of 5 patients who developed strictures after end-to-end anastomosis were successfully managed with several series of stenting and balloon dilation. Hepaticojejunostomy was necessary for the remaining 2 cases that failed endoscopic treatment. To compare, 4 of 5 strictures that developed after the initial hepaticojejunoanastomosis required relaparotomy with rehepaticojejunostomy and one was managed with a percutaneous transhepatic biliary drainage and balloon dilation. Since an endoscopic approach is currently well developed, recent larger studies reveal good long-term outcomes of end-to-end anastomosis. In the series of Reuver et al. [18] , 56 patients were managed endoscopically after stricture of end-to-end anastomosis with 91% overall 5 years stricture-free survival. Kohneh et al. [48] reported better results with end-to-end ductal anastomosis (100%) than with hepaticojejunostomy (71.4%) when repair was performed less than 30 days after the initial injury. Some authors recommend performing end-to-end anastomosis only in the presence of appropriate conditions, that is when BDI is detected intraoperatively, there is no extensive loss of substance and it is possible to connect endings without tension [18] . If the duct is thinner than 4 mm, more than 4 cm of tissue is lost, or the endings of transection are influenced by inflammation, hepaticojejunostomy should be performed [47, 49] . We believe that maintenance of physiological bile flow, higher possibility to manage postoperative complications in a minimally invasive way and to avoid relaparotomy is a huge advantage of end-to-end ductal anastomosis.
To sum up, intraoperative detection of BDI is preferable, however, it still needs improvement. When BDI is detected postoperatively, management should not be delayed, if possible. Endoscopic retrograde cholangiopancreatography is undoubtedly the main diagnostic tool for postoperatively suspected injuries and the main approach for injuries that maintain continuity of duct. Stenting with a covered self-expandable metallic stent is a new, effective and promising method for these patients. Both hepaticojejunostomy and end-to-end anastomosis of ducts showed good results while treating complete divisions of bile ducts.
died in the early postoperative period. According to the European Society of Gastrointestinal Endoscopy (ESGE) clinical guideline, partial divisions of ducts can be successfully treated endoscopically in more than 90% of cases [22] . Endoscopic therapy of postcholecystectomy bile duct strictures by placing multiple plastic stents with or without balloon dilation seems to be efficient in 75.5-100% of cases [29] [30] [31] [32] [33] . Costamagna et al., who first introduced this aggressive endoscopic approach in 2001 [29] , reported very good results after a mean follow-up period of 13.7 years: Only 11.4% patients had recurrent strictures after more than 6 years from the end of treatment [34] . The main disadvantage of the multiple stenting strategy, which increases costs and inconvenience for the patient, is necessary for repeated ERCP sessions -placement of additional large-bore plastic stents (10Fr) and exchanging stents every 3-6 months for at least 1 year [35] . As an alternative, self-expandable metallic stent placement can be considered. While this method is widely used and effective for long-term palliation of malignant bile duct obstructions [22] , the idea to use it for benign biliary strictures is still under discussion. Compared with malignant diseases, the bile duct after cholecystectomy complication is otherwise not harmful; therefore, self-expanding metal stents must be partially or fully covered to avoid ingrowth and make them possible to remove [36] . Despite the high price and possible limitations of this method compared to multiple plastic stenting [37] , recent studies showed promising results. Kahaleh et al. [37] reported stricture resolution in 90% (59 of 65) of patients after a median follow-up of 12 months. Other studies showed similar efficacy of covered self-expandable metallic stents [38, 39] . While endoscopic plastic stent placement is successful in most of the bile leaks, the role of self-expandable metallic stents in this situation seems to be limited. However, these types of stents may be considered as an option for patients who fail conventional endoscopic therapy and present refractory bile duct leaks or in cases of high-grade leaks [36] . Recently published studies show that fully covered self-expandable metallic stent placement allows healing of biliary leaks at a rate 90.5-100% [23, [40] [41] [42] . In our study, 12 (42.9%) of 28 patients were successfully treated with one stenting -9 of them with plastic and 3 with a covered self-expandable metallic stent. All attempts to use self-expandable metallic stents were successful and we noticed that using this stent once is less demanding on the patient and more cost-effective compared with multiple plastic stenting. Therefore, we seek to incorporate covered self-expandable metallic stents as an improvement to our routine practice of BDI management.
It is well agreed that intraoperatively diagnosed partial divisions of bile ducts should be closed by suture and abdominal drains placed in the area [43, 44] . In our study, 8 cases of intraoperative BDI were managed by primary defect closure. However, 5 of 8 (62.5 %) patients developed complications which required additional treatment (stenting, secondary closure or hepaticojejunostomy).
The limited number of patients may explain this disconcordance with recommendations.
The treatment is much more challenging when the division of the duct is complete, with or without loss of substance. The choice between end-to-end anastomosis of the transected duct and hepaticojejunostomy is a highly discussed topic in the literature. Some authors report a preference for the initial hepaticojejunostomy as a treatment with a lower rate of anastomosis strictures, while the others support end-to-end anastomosis that is more physiological. It has been suggested that the rate of postoperative end-to-original article
